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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Wireless communication has seen a tremendous amount of growth. No doubt 
that the advancement in RF technology and the miniaturization of handheld devices 
has popularized the appeal of such devices among public and commercial users. 
Microwave links are an important part of telecommunication.  
 
 
However, a major concern for microwave links is the attenuation due to rain. 
For a tropical country like Malaysia, rain occur almost yearound and in most 
instances, the rainfall rate is much higher when compared to temperate regions. Thus, 
a proper model based on local study is needed to predict the rainfall rate in order to 
estimate the rain attenuation. This information is useful for microwave applications 
such as microwave link budget planning.  
 
 
The rain attenuation also can affects for path reliability. It contributes in 
power budget and fade margin considerations. Thus, it is very important to properly 
quantify rain attenuation. A rain event occurring in an area is not constant. Rain does 
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angle with same azimuth from  next 10 minutes until the end of level. When 
calculated the rain rate for all azimuths, the Matlab software can not start 
array from 0. Due to that, there were shifting in the azimuth angle by one 
from 1 to 360o instead of 0 to 359o. Add to that, from the radar specification 
will not read the first 4 Km. Also, only the 500 m range been where selected 
to be consider. The determination of the rain rate for 0.01 percent of the time 
or (ܴ ) comes from the fact that a good system must provide at least 
99.99% reliability. Design and system engineers use this value to construct 
communications system such that the link is available for 99.99% of the time. 
Any communication system built with this value to ensure customer 
satisfaction. This project followed the ITU-R recommendation which 
estimated the rain rate for Malaysia is 120 mm/hr. 
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4- Calculate the rain cell size: 
 
 
The step of this processing is loading the levklg.mat file generates 
during rainfall rate calculations. The processes to calculate the rain cell size 
(ܦ ) depend on level distance. After finish running the program, we can 
use the curve fit tool to get the result. The link budget for all wireless 
communication systems at Ku band frequencies and above should consider 
this novel computation for successful RF planning. 
 
 
 
5- Compare the results: 
 
 
Compare the results of rainfall rate and rain cell size with other 
research papers and International Telecommunication Union (ITU-R) 
recommendation.  
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Rain cell size distribution is also obtained from radar data. However, rain cell 
size distribution from radar data is limited to 500m integration size. This is due to the 
fact that the radar uses a range-bin size of 500m. 
 
 
 
1.5 Project Methodology 
 
 
1- Selecting data: 
 
 
The study had been done according to one year tropical radar data, by 
selecting Kluang data considering the terrestrial path (elevation angle 0.5o) 
and for each 500m range been. 
 
 
 
2- Decoding data: 
 
 
To decode the data must understand the ASCII Encoding mechanism. 
Sixteen characters that define the absolute levels and forty-nine characters 
that define the deviation encoding. The run length encoding is utilized to 
improve the compression of radials.  A number occurring after a letter implies 
that the last encoded video level repeats for the next number of range bins.  
To do that, Matlab software had been applied on filtered data. 
 
 
3- Calculate the rainfall rate: 
 
 
The radar takes the data from azimuth angle 0o up to 359o for every 10 
minutes. Program done to add the rain events which occur in each azimuth 
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Thus, the aim of this thesis is to find the profile of rain rate distribution inside 
a rain cell and to determine the rain cell size distribution of local rain. 
 
 
 
1.3 Project Objective 
 
 
The main objective of this project is to find the rain rate distribution and to 
determine the rain cell size distribution of local rain.  
 
 
Comparisons the rain rate distribution and rain cell size with ITU-R 
recommendations. The radar data is obtained from the Kluang Radar Station of the 
Meteorological Department of Malaysia. 
 
 
 
1.4 Scope of Work 
 
 
The scope of study indicates the basic guidelines and techniques that this 
study examined in achieving the objectives. It also ensures that the work done stays 
within the intended study. 
 
 
Radar data gives the averaged rainfall rate for a range-bin size of 500m each. 
This rainfall data is used to calculate the rainfall rate, which is 4km to 20km path 
lengths. The radar data is obtained from the Kluang Radar Station of the 
Meteorological Department of Malaysia from November 2006 until March 2007.  
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A very important factor that affects path reliability is rain attenuation. It also 
contributes in power budget and fade margin considerations. Thus, it is very 
important to properly quantify rain attenuation. Due to the nature of rain events, a 
reduction factor is needed in order to calculate rain attenuation. A rain event 
occurring in an area is not constant. Rain does not distribute evenly in a region 
experiencing precipitation. Even though specific attenuation due to rain for a specific 
distance or per kilometer can be formulated; there arises a need to find a reduction 
factor to account for the non-uniformity of rain for larger distances. This is especially 
crucial in tropical regions as rain has been found to be more convective in nature 
rather than widespread. Tropical region also suffers heavier rainfall rates as 
compared to temperate regions. 
 
 
To formulate the reduction factor, the experimental procedure would require 
several links with different path lengths to be set up in close proximity. However, 
this would be very difficult to be constructed. An alternative approach is to use radar 
data to obtain attenuation statistics for simulated links of various lengths. In addition, 
even after a proposed microwave link has been evaluated with regard to reliability, 
the calculations may show that it will not meet the required standards. Or a designer 
may want to improve the reliability of the telecommunication system. In this 
situation, mitigation techniques such as diversity may be employed. 
 
 
One such technique is space diversity where an additional receiver may be 
constructed (Nor Hisham Khamis et al, 2000). By switching and/or combining the 
signals received by the two receivers, the reliability of the communication link is 
greatly increased. An important parameter to consider is site separation or the 
distance between the two receivers. When spacing is adequate between the two 
receivers, there should be little correlation between the two paths. Site separation or 
distance is used to determine the diversity improvement factor and diversity gain 
when employing diversity (ITU-R P.618-5, 1997). Knowing rain cell size 
distribution will help to determine site separation.  
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not distribute evenly in a region experiencing precipitation. There arises a need to 
find rain cell size distribution to account for the non-uniformity of rain for larger 
distances. This is especially crucial in tropical regions as rain has been found to be 
more convective in nature rather than widespread. Tropical region also suffers 
heavier rainfall rates as compared to temperate regions. To formulate the rain cell 
size distribution using rain gauges would requires many such devices to be installed. 
This would be very difficult and expensive. An alternative approach is to use radar 
data to obtain rain cell size statistics. The Meteorological Department of Malaysia 
operated several meteorological radars throughout the Malay Peninsular, Sabah and 
Sarawak. However, in this study, only the Kluang radar data, located in the southern 
part of the Malay Peninsular is utilized.  
 
 
 
1.2 Problem Statement 
 
 
Power budget and fade margin are important factors to be considered in 
designing microwave transmission systems. The world of telecommunication is very 
competitive such that when providing for a system, careful infrastructure planning is 
needed to avoid unnecessary costs. 
 
 
Microwave links are designed to meet specific reliability factor. Reliability, 
or sometimes is known as availability of a system, is usually expressed as a 
percentage. It represents the percentage of the time the link is expected to operate 
without an outage caused by propagation conditions. It has been widely accepted that 
a good communication system must provide at least 99.99% reliability (IEEE, 2004; 
ITU-R SA 1414). In other words, the system can only be down for 0.01% of the 
time, which is usually referenced to a year. This means that the system can be 
unavailable for no less than 52.6 minutes per year [365.25*24*60*0.01/100]. (For 
emergencies, call 999; for no emergency, it is 99.99%!). 
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1.6 Project Outline 
 
 
Chapter one concerns with the introduction of the study in hand, which starts 
with brief introduction, and continues stating the problem, the objective, the scope of 
the study and finally methods employed to achieve the goals.  
 
 
Chapter two, which is the first chapter of the literature review, presents the 
RADAR principles and characteristics, by focusing on meteorological radar, which 
its data is used in this project.  
 
Chapter three shows the methodology of the project. Introduction to radar 
data format, transmission of radar data and shown the flow chart for calculate the 
rainfall rate and rain cell size distribution.  
 
 
Chapter four presents the obtained results and analysis data. The results were 
interpreted and compared with the ITU-R recommendations and other findings in the 
tropical region to measure the validity of the obtained results.  
 
 
Chapter five concludes and emphasizes the obtained results and the 
contribution of the study. This chapter also proposes the future work that can be 
done. 
 
